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Purinergic molecules: ATP, ADP and adenosine regulate physiological processes
through activation of purinoceptors in the plasma membrane. Experimental evidence
supports the view that purinergic molecules affect glomerular and tubular functions.
Purinergic molecule-induced changes of tension of mesangial cells and/or podocytes
may influence GFR by affecting the glomerular ultrafiltration coefficient. On the
other hand, purinoceptors are crucial for electrolyte and fluid homeostasis by
modulating activity of sodium-potassium-ATPase, voltage-independent or -
dependent ion channels and cAMP-dependent water channels.

HISTORICAL PERSPECTIVE

The first report concerning the effects of extracellular purines was published
in 1929 by Drury & Szent-Gyorgyi (1). They reported that extracts of heart
muscle and other tissues produced changes in heart rate, dilatation of the
coronary arteries, and lowered blood pressure. Based on biochemical studies,
AMP and adenosine were concluded to be responsible for the observed
cardiovascular effects. The potential role of extracellular ATP was recognized
several years later by Gillespie (2). However, the possibility that ATP may play a
role as an extracellular messenger molecule was questioned because of
established and fundamental role of intracellular ATP as a source of free energy.
Then, in 1970 Burnstock provided evidence that ATP played a role of a
neurotransmitter in nonadrenergic, noncholinergic nerves supplying the gut, and
called this neurotransmission “purinergic”. This hypothesis implicated the
presence of purinoceptors (3, 4).
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GLOMERULAR HAEMODYNAMICS AND CROSS-TALK BETWEEN GLOMERULUS 
AND TUBULES

The kidneys play a pivotal role in body homeostasis by regulating the renal
excretion of fluid and electrolytes. The rate of renal glomerular filtration is in
large part responsible for volume and electrolyte balance in an organism. An
important feature of the renal glomerulus is that the capillary tuft enclosed in the
Bowman’s capsule is structurally and functionally connected with mesangial
cells. Moreover, the vascular pole of the glomerulus, made up by the afferent (Af-
Art) and efferent (Ef-Art) arterioles, is in close contact to the cortical thick
ascending limb of the Henle’s loop (cTAL) of the same nephron. In addition, Af-
Art is consistently in the close proximity to the connecting tubule.

The glomerular filter residing in the capillary wall consists of three layers: a
fenestrated endothelium, a glomerular basement membrane, and a slit diaphragm
located between the interdigitating foot processes of podocytes. The Af-Art
resistance determines the fraction of pressure that is transmitted to the glomerular
capillary network, whereas the Ef-Art resistance determines the outgoing pressure.
The rate of glomerular ultrafiltration is determined by net ultrafiltration pressure
(difference between glomerular capillary pressure and hydrostatic pressure in the
Bowman’s) but also by the glomerular capillary area available for filtration and on
the water permeability of the capillary wall. The calculation of local blood flow and
filtration along the network indicates a heterogeneous spatial distribution of pressure
parameters and that some segments of the capillary network operate at filtration
pressure equilibrium even if the overall network operates at filtration disequilibrium
(5). The total area available for filtration in the capillary network is a function of the
length, diameter, and number of the capillary branches. Furthermore, the specific
morphology of capillary network, including the capillary dimensions and branching
pattern, determine the intraglomerular distribution of blood flow and, thus, the
filtration surface. Moreover, the three-dimensional analysis of mesangium structure
provides evidence that it forms mesangial loops that are penetrated by capillaries (6).
Based on previous reports showing contraction of mesangial cells it is assumed that
the mesangial loops may affect the distribution of intraglomerular blood flow by
dynamic contraction of mesangial cells or prevent the expansion of glomerular
capillaries (7). The composition and volume of primary urine are extensively
modified in the renal tubular system. The glomerular filtration rate adapts to
changing salt concentration of the tubular fluid via the tubuloglomerular feedback
(TGF) and, in addition, a connecting tubule glomerular feedback (CTGF) (see
below), whereas the tubules respond to changing glomerular filtration via a
mechanism of the glomerulotubular balance (GTB). GTB refers to the load-
dependent reabsorption in proximal tubule and ideally operates to maintain a
constant fractional reabsorption (8, 9). The TGF is a negative feedback system and
operates within the juxtaglomerular apparatus. The specialized cells of cTAL called
macula densa cells sense the changes in luminal NaCl concentration in the range of
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20-60 mM via activity of Na+-K+-2Cl- cotransporter (NKCC2). The affected luminal
uptake of ions initiates adjustment of glomerular arteriolar and mesangial vasomotor
tone that results in inverse changes of GFR. This signal pathway involves ATP
release across the macula densa basolateral membrane through “maxi” anion
channels. There is also pharmacological and genetic evidence for an involvement of
adenosine in TGF signalling (10-13). Recent studies indicate that, apart from TGF, a
connecting tubule glomerular feedback (CTGF) operates, based on the cross-talk
between connecting tubule and Af-Art, however, unlike with TGF, increasing
sodium delivery to the connecting tubule results in Af-Art dilatation. The molecular
mechanism of CTGF remains to be investigated, however, experimental data suggest
involvement of epithelial sodium channels (ENaC) in this process (9).

RELEASE OF NUCLEOTIDES INTO EXTRACELLULAR FLUID

The concentration gradient across the mammalian plasma membrane for ATP
(cytosol ∼ 10 mM, extracellular fluid ∼10 nM) allows for the constitutive release
of this nucleotide to extracellular fluid (14). In agreement with experimental data,
it is widely assumed that basal ATP release constitutes an important source of
extracellular adenosine (see below: Extracellular metabolism of purines in the
kidney). As calculated in our laboratory, the constitutive release of ATP from
isolated rat glomeruli is approximately 0.30 pmol/min/1000 glomeruli (15).
Moreover, cells can release UTP and UDP-glucose, a sugar nucleotide that can be
released at a rate similar as ATP although there is a 10fold difference between the
intracellular level of ATP and UDP-glucose (16).

Notwithstanding the fact that concentration gradient favours the release of
nucleotides into the extracellular fluid, ATP and other nucleotides do not permeate
the cell membrane because of the net positive charge of the molecules. There are two
mechanisms of nucleotide release: lytic and non-lytic (17-19). The first one is non-
specific and characteristic for cell damage. The second one involves specific
membrane transporters (e.g. CFTR (cystic fibrasis transmembrane conductance
regulator), multidrug resistance proteins, and multiple organic anion transporters),
channels (e.g. hemichannels, stretch- and voltage-activated chloride channels and
“maxi” channels) or specific interaction between proteins from intracellular vesicles
and plasma membrane (v-SNAREs and t-SNAREs interactions). The cells can
release nucleotides in response to exogenously applied mechanical forces (e.g. shear
stress, hypotonic swelling, hypoxia, stretching and hydrostatic pressure) or Ca+2-
mobilizing biochemical/pharmacological agents (e.g. serotonin, bradykinin, ATP per
se). Accordingly, the experiments from our laboratory provided evidence that basal
ATP release from glomeruli was enhanced by medium displacement by ~ 35% (16).

The mapping of extracellular ATP concentrations in different parts of kidney is
depicted in Fig. 1 (Adapted from Refs. 20-24). The highest ATP concentration in
tubular fluid is achieved in the proximal tubule, where it is 4fold higher than in
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Bowman’s space or distal tubule. Thus, it was concluded that proximal tubules
secrete ATP into the lumen and further work provided also evidence for release of
diadenosine polyphosphates from these cells (25). The concentration of ATP in
renal interstitial fluid, measured in microdialysis studies, is much lower than that of
adenosine (100-300 nM) but is still high enough to stimulate ATP receptors. It has
been shown that interstitial ATP concentrations change in response to alterations of
TGF activity. The dynamics of ATP level in the renal cortical interstitium supports
the hypothesis that purinergic system plays a role in regulation of Af-Art resistance
and experimental data suggest that this response is mediated by P2X1 receptors
(26). On the other side, increased interstitial adenosine, produced as a consequence
of the energy deficit encountered, plays a central role in tissue protection under
conditions of ischemia or hypoxia (27). The mechanism of this action is unclear.

PURINOCEPTORS IN THE KIDNEY

The extracellular purines exert their biological actions via specific membrane
receptors – purinoceptors. The family of purinoceptors is divided into P1
receptors, activated by adenosine and P2 receptors, activated by
purine/pirymidyne nucleotides: ATP; ADP; UTP; UDP, sugar nucleotides e.g.
UDP-glucose or dinucleotides e.g. NAD; Ap4A (28).

Receptors for adenosine represent a family of G-protein coupled receptors
subdivided into four distinct receptor subtypes: A1, A2A, A2B, A3. Activation of A1
or A3 receptors leads to inhibition of adenylate cyclase and activation of
phospholipase C. The A2 family receptors possess high (A2A) or low (A2B) agonist
affinity and their activation leads to adenylate cyclase stimulation (13,29). The
family of P2 receptors is subdivided into ATP-gated nonselective cation channels
(P2X), which are most likely trimerically assembled, and G protein-coupled
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Fig. 1: ATP concentration in the kidney and urine.
Abbreviations: BC, Bowman’s capsule; PCT, proximal convoluted tubule; DT, distal tubule; RIF,
renal interstitial fluid. Adapted from Refs. 20-24.



metabotropic receptors. To date, seven mammalian P2X receptors, P2X1-7 and
eight P2Y receptors, P2Y1,2,4,6,11-14 have been cloned and characterized
pharmacologically. Activation of P2X receptors by extracellular ATP (3
molecules ATP per extracellular portion of a P2X receptor) induces influx/efflux
of ions and small molecules (molecular weight cut-off for P2X7 receptors is
approximately 900 Da), leading to cell membrane depolarization . This results in
secondary opening the voltage-gated calcium channels and accumulation of
intracellular calcium ions. This mechanism does not depend on biochemical
pathways involving any of known second messengers within the cells or cell
membrane, therefore the cellular response is very rapid (onset within 10 ms) (30,
31). In contrast to P2X receptors, the response time of P2Y receptors is longer
(onset close to 100 ms) because it involves second-messenger system mediated
by G protein coupling. Furthermore, one given P2Y receptor can couple to
functionally distinct G proteins and signaling pathways. The P2Y receptors can
activate phospholipase C, phosphatidylinositol 3-kinase, Rho-kinase or change
the activity of adenylate cyclase or can interact with ion channels (N-type Ca+2,
M-current K+) (32, 33). Subtypes of receptors for extracellular adenosine (P1) and
nucleotides (P2) are both expressed throughout the kidney and are found
primarily in glomeruli and tubules, however, their localization varies between
individual fragments (34-38). Moreover, often more than one subtype of
purinoceptors are expressed on a single renal cell, suggesting possible interaction
between different receptors of this family or even heteromeric association (39).

EXTRACELLULAR METABOLISM OF PURINES IN THE KIDNEY

Under physiological conditions, the effects of extracellular purines are modified
by the presence of ecto-enzymes that metabolize purines and have the potential to
terminate or initiate receptor-specific signaling cascades. There are breakdown
(nucleotidases) and re-synthesis (kinases) ecto-enzymes in the kidney (40, 41).

The most prominent of ecto-nucleotidase are the members of the ecto-
nucleoside triphosphate diphosphohydrolase family; E-NTPDase (42). The
enzymes of this family hydrolyze ATP, ADP and cAMP to AMP, although
preferences vary considerably among individual enzymes. The ecto-nucleotide
pyrophosphatase/phosphodiestareases (E-NPPs), another family of ecto-
nucleotidases, hydrolyze the pyrophosphate and phosphodiester bonds in purine
and pyrimidyne 5’-triphosphates or 5’-diphosphates to yield corresponding
nucleoside monophosphates. Moreover, nucleic acids and sugar nucleotides are
also substrates for E-NPPs and these enzymes are considered as key enzymes for
extracellular metabolism of diadenylate nucleotides i.e. Ap3A, Ap4A and Ap5A
(43). The extracellular nucleoside monophosphates are converted to
corresponding nucleosides by ecto-5’-nucleotidase (CD73). The activity of CD73
is responsible for formation of extracellular adenosine from released adenine
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nucleotides (44). Subsequently, adenosine may be a substrate for adenosine
deaminase catalyzing the irreversible deamination to inosine. Another enzyme,
alkaline phosphatase, a non-specific ecto-phosphomonoesterase, releases
inorganic phosphate from a variety of 5’tri-, -di-, and monophosphates. Most of
the ecto-nucleosidases have been detected in different parts of the nephron ecto-
nucleosidase (45). Micropuncture experiments established that exogenous ATP is
degraded at a mean rate of 16 fmol/min and its half-life in proximal tubular fluid
was shown to be 3.4 min (20). Thus, it is assumed that the measured extracellular
concentration of various nucleotides is substantially lower than one can expect
from in situ studies and represents the net result of three processes: release,
conversion and degradation. The ecto-nucleosidase are expressed on the
glomerulus as well. Using immunohistochemistry techniques, it has been shown
that glomeruli express E-NTPDase 1, E-NPP3 (46). The results of our work on
isolated glomeruli are in agreement with these findings. We have shown that
isolated glomeruli hydrolyze exogenous ATP, ADP or Ap3A to adenosine, and
Ap4A or Ap5A to adenosine and ATP. Although exogenous ATP is hydrolyzed to
adenosine, the concentration of AMP is higher than that of other products of its
hydrolysis, suggesting the relative low activity of ecto-5’-nuclotidase (15, 47,
48). Moreover, preliminary data suggest that such dinucleotides as uridine
adenosine tetraphosphate (Up4A) or guanidine adenosine tetraphosphate (Gp4A)
are not hydrolyzed to ATP by isolated glomeruli.

The data concerning the expression and function of purine re-synthesis ecto-
enzymes in the kidney are limited. The main ecto-enzymes are: adenylate kinase,
nucleoside diphosphokinase (E-NDPK) and ATP synthase. Ecto-adenylate kinase
catalyzes reversible conversion of two ADP molecules to ATP and AMP. The activity
of ecto-adenylate kinase is restricted to adenine nucleotides. Unlike ecto-adenylate
kinase, NDPK catalyzes reversible transphosphorylation of various nucleoside
diphosphates into corresponding nucleoside triphosphates. Finally, a recent study has
provided evidence for extracellular ATP synthesis and the role of cell surface ATP
synthase in flow-induced ATP release by vascular endothelial cells (49).

PURINERGIC REGULATION OF THE CONTRACTILITY OF ISOLATED GLOMERULI

It is widely accepted that two resistance vessels in series, Af-Art and Ef-Art
enable fine regulation of pressure in glomerular capillaries, the primary force
driving SNGFR. The resistance diameter of one of the vassals or both is regulated
by a number of hormones and auto/paracrine agents (50). However, the final effect
does not depend directly on relative changes of vessel’s diameters because
resistance is inversely proportional to the fourth power of vessel radius. Thus,
taking into consideration that the resting radius of Ef-Art is smaller than that of Af-
Art (51), much smaller changes of Ef-Art diameter may be sufficient to compensate
the changes of Af-Art diameter to keep the SNGFR constant (Fig. 2A).
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Over the past two decades, evidence has accrued to indicate that glomerular
microvasculature may play important role in regulation of single nephron
glomerular filtration rate (SNGFR). Our experiments have provided new insights
into the issue of purinergic control of glomerular haemodynamics. We
investigated the action of extracellular nucleotides and adenosine on contractility
of glomeruli by measuring changes of extracellular volume (3H-inulin space) of
isolated decapsulated rat glomeruli (52). It has been shown that most of
extracellular space of decapsulated glomeruli is the intracapillary space which
accounts for about 34% of total glomerular volume. The intracapillary volume
(Glomerular Inulin Space, GIS) is calculated after separation of glomeruli from
the medium. We determined the basal GIS value to be about 630 pl per
glomerulus. An increase or decrease of GIS reflects a relaxation or contraction of
glomeruli, respectively. The validity of this method was established in a previous
study; a decrease of the glomerular diameter of about 4% in response to
angiotensin II corresponds to about 10% decrease of GIS (53).

The glomerular cells may affect glomerular haemodynamics in two different
manners. First, the cells may be an effector of contraction (mesangial cells and
podocytes) and, second, they may be a source of active compounds affecting cell
tension (endothelial cells). There are convincing data demonstrating that
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Fig. 2: Regulation of glomerular filtration rate. Role of microvasculature (A) and P2 receptors (B) .
Abbreviations: Af-Art, afferent arteriole; Ef-Art, efferent arteriole; R, artery resistance; ∅ artery
diameter; SNGFR, single nephron glomerular filtration rate; GFR, glomerular filtration rate.



mesangial cells, similar as smooth muscle cells and podocytes, contain contractile
proteins and express a variety of plasma membrane channels, e.g. store-operated
Ca+2 channel or large-conductance, Ca+2-activated K+ channel (54-56).
Biochemical studies have provided evidence that signal transduction pathways
and ion selective channels regulating contraction of these cells are dependent on
the voltage-gated calcium influx. Furthermore, calcium ions movement across the
plasma membrane is modified by chloride and nonselective cation channel
activities. On the other hand, the relaxation pathways involve a negative-feedback
mechanism that counteracts mesangial cell and/or podocyte contraction by
regulating voltage dependent calcium signaling and activation of plasma
membrane potassium channels. Under physiological and pathophysiological
conditions, glomerular endothelial cells, are able to produce and release
vasoactive substances, e.g. NO or PGI2. These substances, via cGMP- or cAMP-
dependent protein kinases, may influence the tension of mesangial cells or/and
podocytes and alter glomerular filtration rate.

We showed previously that extracellular ATP possesses unique vasomotor
properties and exerts bidirectional action on isolated glomeruli. It induces
contraction of isolated rat glomeruli and relaxation of angiotensin II-
precontracted glomeruli in dose- and time-dependent manner (57). Adenosine,
ADP, UTP, ATP analogues, e.g. β,γ-methylene ATP and 2-methylthio ATP, and
diadenosine polyphosphates, e.g. Ap4A and Ap5A are purinoceptor agonists which
possess contractile properties. We showed also that the contraction induced by
extracellular nucleotides is inhibited by suramin and reactive blue 2, antagonists
of P2 receptors whereas theophylline, an antagonist of P1 receptors, is without
effect. The pharmacological studies of P2 agonists suggests the involvement of
both P2X and P2Y receptors in the observed contraction of isolated glomeruli.

The key event in initiation of contraction is activation of Ca+2/calmodulin-
dependent myosin light-chain kinase and subsequent phosphorylation of myosin
light-chain. However, the contraction may be result of an increased sensitivity of
contractile apparatus to Ca+2. Small GTPase Rho plays a pivotal role in the
sensitization of the smooth muscle to Ca+2. The cytosolic RhoA-GDI is activated
by Rho-GEFs (guanine nucleotide exchange factor) after activation of G protein-
coupled receptors. This event activates downstream effectors, e.g. Rho-kinase.
We have provided experimental evidence indicating that contraction of isolated
glomeruli induced by ATP, ADP or UTP but not by 2-methylothio ATP and β,γ-
methylene ATP, is prevented in the presence of Rho-kinase’s inhibitor, Y-27632
(58). These results suggest that Rho-kinase may be involved in the regulation of
glomerular filtration rate. On the other side and as mentioned above, the
extracellular nucleotides e.g.. ATP or Ap3A, induce relaxation of angiotensin II-
precontracted glomeruli. Biochemical studies have shown that extracellular ATP
via P2Y receptors stimulates endothelial nitric oxide synthase activity to produce
NO, which activates soluble guanylate cyclase in isolated glomeruli (59).
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Moreover, using a specific receptor antagonist, MRS 2179, we showed that
relaxation effect of Ap3A is mediated by P2Y1 receptors (48).

Since our observations have convinced us that glomerular cells, e.g.
endothelial and mesangial cells and podocytes, are all able to actively alter
glomerular capillary diameters, the regulation of glomerular blood flow and
glomerular filtration pressure may additionally be due to changes in
intraglomerular resistance. The proposal of potential involvement of P2 receptors
in regulation of GFR is presented in Fig. 2B. The vasoactive agents affecting the
tone of mesangial cells and/or podocytes may decrease the filtration area of a
single glomerulus and induce a reduction of single nephron glomerular filtration
rate (SNGFR). However, contraction-induced deformation of cells may operate
as a trigger for ATP release into the extracellular fluid. The extracellular ATP by
activating P2Y receptors located on endothelial cells can stimulate NO production
and induce cGMP-dependent relaxation of glomeruli, which tends to bring
glomerular filtration back to normal. The chain of events may also run in the
opposite direction: a primary glomerular relaxation and an increase of GFR can
activate P2 receptors located on mesangial cells and podocytes and lead to
contraction of cells and normalization of GFR.

PURINERGIC REGULATION OF SODIUM AND WATER EXCRETION

The evidence from studies of renal epithelial cell lines and non-renal epithelia
suggests that extracellular nucleotides may influence renal tubular sodium and
water reabsorption (60). However, the data from whole kidney studies describing
excretory responses to purinoceptor activation are scarce. In our laboratory, the
purinergic contribution to regulation of sodium/water homeostasis was
investigated in anaesthetized rats during intravenous infusion of Ap4A, a
diadenylate nucleotide which consists of two adenosine moieties connected via
5’-ribose linkage to both ends of the tetraphosphate chain. There were several
reasons to choose this diadenylate nucleotide for in vivo studies (61, 62). Ap4A is:
l present in all living cells and certain amounts of this dinucleotide are

released into extracellular space during platelet aggregation, metabolic
stress and the process of neurotransmission.

l an agonist of a broad spectrum of P2 receptors (see Table 1).
l a precursor of ATP, however, one that is only slowly metabolized in the

extracellular fluid by ecto- and soluble enzymes.
In our clearance experiments, Ap4A was continuously administered iv. to rats

at two doses: low (bolus: 0.2 µmol/kg and sustained infusion: 2.0 nmol/kg/min)
and high (bolus: 2.0 µmol/kg and 20 nmol/kg/min) (Fig. 3). We showed that the
high dose of Ap4A reduced glomerular filtration rate and increased sodium and
water excretion (63). Both effects of Ap4A were inhibited by suramin, an
antagonist of P2 receptors, however theophylline, an antagonist of P1 receptors,
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did not affect Ap4A action. Of note, at the low dose Ap4A increased sodium
excretion only, without reducing GFR significantly. These results clearly show
that Ap4A may induce natriuresis without affecting renal haemodynamics. The
involvement of P2 receptors expressed on distal tubular epithelial cells in in
sodium excretion was suggested recently (64, 65).

To investigate the potential involvement of P1 receptors during Ap4A
infusion, we compared the effects of Ap4A and NAD, another dinucleotide and
a reference adenosine precursor, on renal haemodynamics and urinary
excretion (66). The comparison was performed using adenosine deaminase (to
induce adenosine degradation), theophylline and suramin. NAD decreased
GFR by 40% but, in contrast to Ap4A, this effect was associated with a parallel
decrease in sodium and water excretion. Pre-treatments with adenosine
deaminase or theophylline abolished the responses to NAD whereas Ap4A-
induced changes were not affected. Our results indicate that NAD-induced
renal effects are similar to those induced by adenosine and confirm the role of
adenosine and P1 receptors in regulation of renal haemodynamics and urinary
excretion (13, 29).
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Table 1: Effective concentration of Ap4A to produce half maximal response of P2X- and P2Y-
receptors.

n P2Xn P2Yn
1 5.39 6.77
2 4.82 7.03
3 6.09 N.A.
4 5.52 -
5 6.60 N.A.
6 6.20 -

Values are reported as pD2. n = subtype number for receptors cloned to date from mammalian
species N.A.- data not available. Adapted from Ref. 62.

Table 2: Effects of intravenous Ap4A infusion in anaesthetized rats (0.2 µmol/kg + 2.0 nmol/kg/min)
on renal excretion parameters.

Renal parameters Effect of Ap4A
CIn ↓
CNa ↑
CLi ↑

CNa/CLi 1 
V/CLi 1 

Abbreviations: CIn, CNa, CLi - clereance of inulin, sodium and lithium, respectively; CNa/CLi - fractional
distal sodium excretion; V/CLi - fractional distal water excretion. For experimental details, see (67).



Additional experiments provided evidence that the natriuretic effect of Ap4A
results from inhibition of sodium reabsorption in the proximal tubule (67). Ap4A
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Fig. 3: Time-dependent
effects of Ap4A on
glomerular filtration rate;
GFR (A), fractional
sodium excretion; FENa
(B) and fractional water
excretion; FEV (C).
The animals were
intravenously infused
with Ap4A at a low dose
(bolus: 0.2 µmol/kg and
sustaining infusion at 2.0
nmol/kg/min, l) or high
dose (bolus: 2.0 µmol/kg
and 20 nmol/kg/min, p).
The control group
received a saline vehicle
(0). The results are
expressed as a means
±SE. P<0.05 vs. the
corresponding basal value
(pre-Ap4A).
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increased lithium clearance and fractional lithium excretion, as well. Moreover,
the distal fractional excretion of water and sodium was not affected by Ap4A
(Table 2). These results suggest that Ap4A inhibits sodium reabsorption in
proximal tubule without detectable influence on distal segments of the tubule.

In conclusion, the purinergic system of the kidney seems to be a functional
complex of agonists, receptors (P1 and P2) and extracellular enzymes. The
physiological effects of its activation may be explained by combined effects of
stimulation of P1 and P2 receptors . The agonists of the purinergic system
released by renal cells may function as auto-/paracrine mediators involved in the
regulation of glomerular haemodynamics and tubular function. A clarification of
P2 receptor-mediated signal transduction pathways regulating the glomerular
filtration rate and tubular sodium and water reabsorption may be important for
rational clinical management of renal disturbances.

Conflicts of interest statement: None declared.
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